Abstract. The aim of our study was to assess the changes in ground-dwelling arthropod communities structure in wheat, potatoes and lucerne crops, with and without pesticides application. We estimated the impact of chemical control on species richness and propose several indicators for biodiversity assessment. The significant differences between agrosystem structure in control and pesticide-treated crops indicated that aboveground arthropod diversity can be used as an indicator of biological diversity reduction assessment. The best estimator indices for human induced impacts are taxa richness, the ratio between species richness and the number of individuals in control and pesticide treated samples, the changes in the ratio between primary-secondary consumers, and the proportion of spiders (Aranea). The use of diversity indices in impact assessment was misleading or inconclusive in some cases. Only the Shannon-Wiener index appears to perform relatively well, but sample sizes must be first equalized through rarefaction.
Introduction
The intensification and expansion of modern agriculture is amongst the greatest current threats to biodiversity worldwide [8] . The impact of agriculture comes not only from the increasing areas of former natural ecosystems transformed into croplands, but also from the increased use of pesticides associated with modern agriculture [11] .
The level of internal regulation of function in agrosystems is largely dependent on the amount of plant and animal species diversity present [1] . Two distinct components of biodiversity can be recognized in agrosystems [21] . The first is 'planned biodiversity', which includes the crops and livestock purposely included. The second component is the 'associated biodiversity', which includes all soil flora and fauna that colonize the agrosystem. Planned biodiversity perform major direct functions, while associated biodiversity functions are mediated through planned biodiversity. Modifications in associated biodiversity eventually affect the functions performed by planned biodiversity. Changes in species composition within associated biodiversity should be quantified and monitored for improved management practices. To address the problem of the unprecedented loss of biodiversity due to human activities, the Conference of the Parties to the Convention on Biological Diversity adopted a Strategic Plan (decision VI/26), planning to achieve by 2010, a significant reduction of the current rate of biodiversity loss. To monitor the progress in reducing human impacts a series of bioindicators were proposed. The European Environment Agency has initiated a program to identify a coherent indicator set covering the main environmental issues [5] . There are several proposed indicators for agrosystems, but their usefulness still needs testing.
The impact of pesticides on ground invertebrates in different types of ecosystems has been thoroughly documented (e.g. [14] ). Most studies showed that the application of pesticides affected not only the target taxa, but also induced a massive mortality of nontarget taxa and caused an overall decrease in species richness.
Pesticide application is a disturbance and it is important to assess its strength. According to the intermediate disturbance hypothesis [13] the highest species richness is found at intermediate levels of disturbance. Previous studies have investigated the impact of pesticides and industrial emissions on the aboveground arthropods [16] , [17] , [18] , [19] , [20] . Would it be possible to maintain or even increase species richness in agriculture landscape and still apply moderate amounts of pesticides?
In this paper we monitored the changes in ground-dwelling arthropod communities in agrosystems before and after pesticide application in order: (1) to characterize the shifts in species richness, and (2) to find the best descriptors useful for monitoring purposes.
Materials and methods
We collected aboveground arthropods using pitfall traps from 12 agrosystems in the southern plain of Romania, cultivated with wheat (seven sites), corn and potatoes (two sites each) and lucerne (one site). Each crop type was exposed to the usual pesticides used in pest control.
Pitfall traps consisted of a plastic or glass container with a diameter of 100 mm and a volume of 500 ml positioned at ground level. We used a grid of five traps positioned at the corners and in the middle of a 10 m wide square. Traps were emptied on a daily basis and the arthropods captured were stored in 70% alcohol. Identification of the trapped arthropods was done, whenever possible, to species level.
As control sites, we used either untreated crops, sampled simultaneously with the pesticide treated ones, or the same crop, before treatment. In the latter, the survey lasted for two weeks: one week before application of pesticides and one week after.
In all 24 sites were surveyed. Due to differences in sample sizes (pesticide-treated samples had lower number of specimens than control samples), we used rarefaction to compare samples from the control sites with the impacted sites. Computation was done using EcoSim 6.0 [7] , drawing randomly a specified number of specimens from the sample. The process was repeated 1000 times generating a mean and a variance of species richness. Three classical diversity measures were computed: Shannon-Wiener, Simpson and Shannon's equitability [10] .
Results
In all 6948 specimens were captured, of which 5325 from control sites and 1623 from impacted sites ( Table 1 ). All the impacted sites had a lower species richness and fewer individuals as compared to the control sites. The number of specimens captured were significantly different between the control and impacted sites (t-test, p<0.01, d.f.=11). The number of specimens in the impacted sites represented between 8-77 % of the control sites. Taxa richness varied between 17-49 in the control sites and between 7-34 in the impacted sites, the differences being also highly significant (t-test, d.f. =11, p<0.001). The taxa richness in the impacted sites represented 25-69 % that of the control sites (Table 1, Figure 1 ).
Since the sample size was much higher in the control sites, we used rarefaction to obtain equal sample sizes (Table 2) . Taxa richness was still higher in control sites at equal sample size when compared with the impacted sites except for one site, in which the sample size in the impacted site was extremely small (n = 31). The differences were still highly significant (t-test, d.f. = 11, p<0.01).
a., b., The impact of pesticides was not limited to a decrease in number of individuals and taxa richness, but also changes in species composition. In localized chemical treatments, a gradual recolonisation process was observed, through immigration from adjacent zones unaffected by pesticides. The newly recorded taxa most often were represented by phytophagous polyphagous species (especially Coleoptera) and by spiders (Aranea), or by characteristic aboveground arthropod species. Referring to trophic categories, the ratio between primary to secondary consumers was significantly different between treated and control samples (t-test t=4.44, p<0.001). The ratio was 0.94 ± 0.25 in control samples and 0.51 ± 0.19 in pesticide-treated samples. In the control crops samples, predator beetles (Insecta: Coleoptera) had the highest abundance and, through their size, Carabidae and Staphylinidae were dominant also in biomass. The dominance of predators as compared to the primary consumers, both in number of species, but especially in number of individuals, is very important because they represent biotic control factors, which maintain pest species at low levels densities. In the polluted crops samples the Coleoptera were also dominant, but were represented mainly by phytophagous species. In most cases, an increase in the abundance of spiders was also registered. In control samples the proportion of spiders among arthropods was 5.15 ± 3.87 while in the pesticide-treated samples the proportion increased to 17.73 ± 11.24, the values being significantly different (t-test, t = 3.66, p < 0.05).
We tested several classical descriptors of species diversity (Shannon-Wiener, Simpson and Shannon's equitability). Overall they did not have good discriminating power, the worst ranking equitability, followed by Simpson's index of diversity (Table APPLIED ECOLOGY 1 Computed between the taxa richness in the impacted site and the mean taxa richness in the control site at equal sample size (i.e. after rarefaction) 
Discussion
The experimental approach was not a classical BACI (before-after-control-impact). It attempted a more simple and practical approach, similar to the rapid assessment techniques being developed for monitoring and inventory purposes.
The use of diversity indices as a measure of species diversity is controversial and [9] even talked about the 'non-concept of diversity'. Dritschilo and Erwin [3] suggested that the use of diversity indices in impact assessment is redundant or, when used with ground beetles, even misleading or inconclusive in all cases.
For the purpose of our study, only the Shannon-Wiener index performed relatively well, despite it being influenced by sample size and the presence of rare species [10] . Taxa richness appears to be the best estimator and allows for comparisons between sites and/or experimental variants.
The use of rarefaction eliminates the differences between samples sizes. This type of analysis can be implemented in a simple monitoring system of agriculture landscapes that allows for the evaluation of various human impacts.
The induced changes were not always immediate. In some cases, in the first days after pesticide treatment, the number of species and specimens were drastically reduced, but in other cases their numbers decreased gradually, especially to the end of the respective period, when the toxic action reached a peak, probably as a result of accumulation and concentration of pesticides along the trophic chains [15] , [20] .
The disturbance induced by pesticide treatment triggered a species turnover of up to two-thirds of the initial species pool. The newly colonizing species were mostly polyphagous (especially phytophagous). Studies of the successional development of ground-dwelling insect communities on disturbed sites have shown that initial colonization is generally accomplished by scavenger and omnivorous species [2] . [6] .
Focusing on certain indicator taxa might facilitate the task of monitoring human induced impacts. Duelli [4] suggested that carabids, staphylinids and spiders are good indicators for biodiversity. In addition, Pizzolotto [12] reviews the literature and suggests that good indicators of disturbances in ecological succession are also diplopods, acari and collembola.
Previous studies on ground level arthropod communities, revealed that among different indicators, the most important are the ratio between the number of specimens in control and polluted samples, the presence of the specific parasitoids of the crop pests, the zoophagous-phytophagous specimens ratio and the insects and Aranea specimens ratio [18] , [20] .
Primary consumers dominance in the polluted crops samples can be explained by the lack or diminished biological control action (from predators and parasitoids), and also because of their capacity, as phytophagous, to resist of the pollutant toxicity effects since they possess a larger resistence to pesticides and other toxic substances [15] , [16] .
The changes in the dominance pattern of primary-secondary consumers proves to be a good indicator of the biological diversity reduction and of the ecological imbalance induced by noxious factors [ [18] , [20] . The significant differences between species richness in control and pesticide-treated crops indicated that aboveground arthropod diversity can be used as a simple measure indicator of environmental quality in agrosystems.
